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1. Sheep as a resource. Most people consider humans morally superior to other species
because they believe we have superior cognitive abilities (Singer 2009; Chapman & Huffman
2018). This speciesism, placing all other animals — domestic and wild — below humans, makes
them a morally acceptable resource to exploit (Tian et al. 2016; Leroy & Praet 2017; Franklin
2019). Sheep are not a special case; the choice of which species to domesticate and use as
resources is not based on cognitive inferiority (Diamond 2002). Marino & Merskin’s (M&M’s)
(2019) review induces cognitive dissonance (Leroy & Praet 2017; Ong et al. 2016): evidence that
sheep are as sentient as dogs and have cognitive skills comparable to those of horses should
make us reflect on animal welfare and on using animals as mere resources.
Vegetarianism and veganism based on consumer awareness of animal welfare and
environmental concerns are growing (IPSOS Mori 2018). Experts have called for a less meatbased diet to reduce the impact of human meat consumption on human, animal and planetary
health (de Boer et al. 2017). Surprisingly, neither the target article nor the commentaries on it
(other than D'Silva 2019) mention the topic of meat consumption. Even if sheep welfare is
improved, as Horback (2019) recommends, the huge demand for meat by the exponentially
growing human population will never have enough resources (e.g., space) to allow optimal
welfare for all animals produced for food and other human uses.
As Baker (2019) notes, more exposure to sheep as feeling, thinking individuals might
change people's minds (Morris et al. 2012). In human perception, familiarity increases
attractiveness (e.g., the other-race face effect; Peskin & Newell 2004; Zebrowitz et al. 2008).
The cognitive dissonance from knowing about animal suffering can change people's attitudes
(Ong et al. 2016). Empathy has been shown to correlate with meat avoidance (Rothgerber &
Mican 2014). M&M's article will be important in convincing people that sheep are moral
individuals with emotions and complex cognition.
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2. Sheep as sentient individuals. All mammals have the basic brain systems for producing and
processing emotions, so there is little doubt that sheep, too, are emotional individuals. Species
differences can also be important, however, and we have to be alert for anthropomorphic
biases. M&M's target article conflates facial expression discrimination and emotion recognition.
These are two distinct processes; the first has clearly been shown in sheep but the latter has
not yet been shown. To study emotional cues in another species, we first need to use objective
methods to identify what those cues are. There is widespread misunderstanding, for example,
about emotions and communicative cues in dogs, not only because humans have a default
tendency to read other species as if they were humans, but also because the way other species
communicate can be strikingly different (e.g., humans don't pay attention to ears whereas
sheep use them as core expressive cues). To measure facial expressions in animals objectively,
animal Facial Action Coding Systems (FACS, based on the widely used human FACS of Ekman
1997) have been developed for several species (e.g., Parr et al. 2007; Caeiro et al. 2013, though
a sheep FACS remains to be developed). In a bottom-up approach, emotions can also be
categorized according to their underlying neurobiology (Caeiro et al. 2017) rather than
universal human emotions (Ekman 1992).
M&M’s classification of emotions is open to question. Basic emotions are not called
"basic" because they are simple or less relevant. Basic or primary emotions are arguably the
pillars of fitness and survival, allowing organisms to react appropriately to the cues in their
environment. M&M do not specify which emotions are considered basic, but they do mention
Panksepp (2004), for whom fear, happiness, attachment, anticipation, frustration, etc., are
basic, as supported by widely published neurobehavioral data across species. According to
M&M, cognitive bias, emotional reactions to learning, emotional contagion and social buffering
are examples of complex or secondary emotions. This is misleading. These phenomena are not
emotions per se; they are a set of behaviors and/or brain processes during which emotions are
triggered and can be measured. For example, cognitive bias, found even in bees (Bateson et al.
2011; Horback 2019), occurs when information processing is changed by the positive or
negative affective state of the individual (Harding et al. 2004). This is not a complex cognitive
mechanism; it lacks markers of complexity such as intentionality, planning and a goalorientated action (Funke 2009). Complex emotions (e.g., contempt, jealousy) — which require
some sense of self and theory of mind, and might depend on culture — have yet to be
convincingly demonstrated in nonhuman animals (cf. Cook et al. 2018). This is not necessarily a
negative feature in animals and in no way implies that they are less "intelligent"; it may instead
be a positive feature of animal minds (Kujala et al. 2017).
3. Sheep as an intelligent species. The definition of intelligence is also problematic. Even in
humans, there is no consensus on how to measure it. Nor is intelligence relevant to showing
that sheep are sentient individuals with a rich Umwelt. It might be better either to avoid it
completely or to take a more objective approach (Phillips 2019; Vonk 2019; Horback 2019),
where intelligence is not measured in absolute terms, but is defined relative to each species’
problem-solving ability within its own natural and social environments (Roth & Dicke 2005). It is
interesting to compare sheep with primates, who are phylogenetically close to humans, but we
also have to take into account the important effects of domestication, which is known to
modify species’ cognitive abilities. Perhaps comparisons with the dog (Baker 2019; Rollin 2019)
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— one of the most successful domestic species, and increasingly well-studied — would be more
effective in changing human perception of sheep. I cannot agree, however, with the
commentators who suggest that we should move away altogether from comparisons with
humans, arguably the best-studied species. Just about every mental phenomenon and
measuring technique has been studied first in humans, hence humans can be used as a baseline
to study the cognitive traits of other species.
Conclusion. Along with Vonk and other commentators, I applaud M&M’s comprehensive
review of sheep cognition but would urge more objective analysis in order to inform policy. In
addition, policy-makers and researchers need to take into account the fact that one of the
causes of sheep suffering is that mutton is on the menu for our "superior" species. Hence
uncomfortable topics such as veganism also need be discussed if the lives of sheep are to be
improved. Although the pessimism of Davis (2019) is totally justifiable, I am more optimistic
after reading M&M's target article. Diets without meat, and lifestyles without animal products
derived from suffering, are becoming more widely accessible commercially as consumer
demand increases. Some sheep species (Valais Blacknose) are even being adopted as pets
today; such a shift from food source to family membership might also help change the
perception of this species.
And although M&M do not discuss other farmed species in this target article (cf. Marino
& Colvin 2015; Marino 2017a,b), the points raised here clearly apply to them as well.
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